Forest timber production potential of any site is oftentimes measured quantitatively by site index, which is defined as dominant height of a particular stand at a specified age. A site index was developed for estimating site quality of monoculture Pinus caribaea plantations in southwestern Nigeria using a base age of 25 years. Dominant height data were collected from 60 Temporary Sample Plots (TSPs) of 20x20 m in plantations of 15 to 37 years. Linear and non-linear models as been widely applied in quantitative forest measurements were fitted to dominant height-age data and the best site index equation is : SI=Exp 
Introduction
The importance of site quality assessment remains imperative in quantitative forestry, simply for its potential and possibility of determining the productive capacity of the plantations area for sustainable management. Site index has traditionally been defined as the top height of a stand at a particular age (Clutter et al. 1983 ). According to Hägglund (1981) the top height is the arithmetic mean height of the 100 trees ha -1 with the greatest diameters. Heights of individual trees can be measured easily and the average height growth of the dominant trees is less affected by thinning operations (Bailey and Clutter 1974; Clutter et al. 1983 ) and also less affected by stand density (Monserud 1984) . The importance of site index and its curves expression can never be over-emphasized. The curves are extensively used by foresters for site quality description and evaluation as well as in estimating potential productivity of forest sites (Hägglund 1981) . The application of site index curves is based on the fact that there is a association between stand height and total volume production (Beamont 1999) with plausible notion of where there is high quality sites, height growth is good (Bailey and Clutter 1974; Clutter et al. 1983) .
Pinus caribaea has been identified as a medium-growing tree that reaches 45 m in height and more than 1 m diameter at breast height (d.b.h). The shafts are generally straight and free of branches. The bark is thick with wide fissures and is reddish brown to ashy brown. Pinus caribaea as a peculiar variety has fascicles of three, and in the young trees these fascicles have four to six acicular leaves. The acicular leaves are 15 to 25 cm long and 1.5 mm wide; they are stiff and finely serrated, dark green to yellowish green, and covered with white stripes of stomata. The tree has a pivot root in deep soils, and superficial roots in slightly deep soils. It adapts very well to a wide variety of environments, including degraded, poor, lixiviated, rather low soils with good drainage (Lamprecht 1990) . The species grows well in acid sandy soils (pH 4.3 to 6.5) and, to a lesser degree, sandy-clayey soils. Generally, moisture in the soil determines development more than the availability of nutrients. The tree grows well in oxisol soils that are not very deep, are saturated with water during the rainy season, and are very dry in the rainless season. In wet climates of the Tropics the species tends to form foxtail. It can tolerate drought for up to 6 months and sporadic floods. However, drought can also cause large losses in young stands (Lamprecht 1990) .
Though several works have been recorded on site quality assessment of some exotic species in Nigeria and many Sub-Saharan Africa countries (Akindele 1990 (Akindele , 1991 Malende and Temu 1990; Onyekwelu 1998; Teshome and Petty 2000; Onyekwelu 2003) , there exists paucity of research on site quality assessment of Pinus caribaea and no equation has been developed for assessing the relative productive capacity of Pinus caribaea plantations in Nigeria. This study was aimed at developing site index curves for site quality assessment of Pinus caribaea monoculture plantations in three southwestern Forest Reserves, Nigeria. Obviously, the site index curves resulting from this study will be significant in determining the productive capacity of both current and future management plans of Pinus caribaea in Nigeria.
Materials and Methods

Study area
The study areas are Omo (J4 20, 35, 36 and 37 years) and Shasha Forest Reserve (8TSPs-27 years) in Ogun, Ondo and Osun States respectively using stratified random sampling method. In each plot, the diameter at breast height (dbh) and height measurements of all the trees were measured from where four largest trees per plot were selected as representative of 100 largest trees per plots. The average height of the four largest trees in a plot was referenced as the dominant height for every plot and the plantation age according to the year of establishment of the species was used as stand age.
Development of site index equation
Though several methods have been developed and applied, the method used by Akindele (1990) was adopted in this study following its simplistic procedures of development of site index equation for estimating the site indices of the sample plots, the computation of site index values of the corresponding sample plots, and fitting of the linear regression model for predicting site index from the growth characteristics variables with agreement of linearized regression function of Schumacher (1939) (25) years was therefore used as an index age for this study, being a nominated age within the range of the plantation in the study area. eqn.8 The above equation was conveniently used for site index estimation with known values of age and dominant age.
Results
The results of test of significance and the analysis of variance between the growth characteristics according to the age of the species at the whole stand level are shown in Table 1 . The results showed significant variations among the growth characteristics across the years of evaluation. Table 2 showed the linear correlation analysis at the whole stand level and revealed that there was high association between tree age and other growth characteristics such as diameter at breast height, tree total height and merchantable height as well as slenderness coefficient. Stem age however revealed negative association with stem quality and crown ratio; indicating that as the tree age increases, these two variables significantly decrease. Slenderness coefficient at the whole stand is highly associated tree total height and merchantable height with correlation coefficients of r=0.98 and 0.99 respectively. Linear association only existed between stand site index and slenderness coefficient significantly above all other growth characteristics within the whole stand level ( Table 2) .
The results of the site indices computed for this study and the parameters for the site index model used are shown in Table 3 , while the values generated for dominant height between the stands are shown in Fig. 2 . The curves as shown in Fig. 2 show that a 15 years old Pinus caribaea will attained dominant height of about 21 m average (Shasha Forest Reserve) and at least 25 m on the best site (Omo Forest Reserve -J4). This shows that Pinus caribaea would grow well in the dry high forest area of southwestern Nigeria.
Discussion
The site quality evaluation in this study revealed significant variations in the site index equations and curves between the three contiguous study sites (Omo Forest Reserve Pine plantation, Shasha Forest Reserve Pine plantation and Oluwa Forest Reserve Pine plantations) with Omo Forest Reserve pine plantation having the highest site index among the three sites of the study area. This is in agreement with previous observations on site index study with possible variations among the site quality classes which ultimately describe the productivity of the categories of site worked in the study (Wang et al. 2008; Waring et al. 2006; Johansson 1995) . Akindele (1991) reported that for many exotic species in Nigeria, the leading factors that may resulted in such good growth seem to be the climate and relative good soil. Essentially, the study of Huebschmann and Martin (1996) was in consonant with the trend of findings in this study which emphasized the essence of site index as being most importantly used in determining which stands to manage and that the stands with high site indexes produce merchantable timber in a shorter time period than do stands with low indexes such that the former are more economical to manage.
Site index concept remains a concomitant concept on the evaluation of site quality both in the tropical and temperate regions of the world. Waring et al. (2002) gave a plausible results on the assessment of site index and forest growth capacity across the pacific and inland Northwest USA with a MODIS satellite-derived vegetation index with significant site equations of best fit indexes which similarly agrees with the findings in this study. Furthermore, the Omo Forest Reserve site index curve was in consonant with observation of Mahtatalo (2004) which observed that the development of site index models and site curves explanation of the site by site index concept of a shade-tolerant (dominant) tree species depends on mean tree size in the stand rather than on stand age. His study was also supported by Mahtatalo (2004) who observed that site properties affect the development rate of a forest stand; such that stands on poor sites develop more slowly and for longer than stands on rich sites. These revelations were similar to the observations in Omo Forest Reserve, Shasha Forest Reserve and Oluwa Forest Reserve with Omo having the highest site index and thus with greater possibility of highest merchantable timber production over Shasha and Oluwa Forest Reserve. On the factor of soil properties differentiation, the study of Johansson (1995) on Norway Spruce on farmland with different soil types indicated similar results as it aligned with the report of Johansson (1995) who worked on European Aspen growing forestland of different soils in Sweden. However, Wang et al. (2008) reported that the tendency for a predictor age being derived, the closer be the base age among the plantation species, the higher the accuracy that would likely be obtained when he studied pine plantation of Taiwan using base age of 25 years. This site index curves produced for this study was on similar threshold of base age of 25 years, and was in consonant with the previous studies (Johansson 1995; 1996; 2012; Wang et al. 2008; Swenson et al. 2005) .
Again, the base age of 25 years used for the development of the site index curves in this study was very suitable for any site quality study on Pinus caribaea since the base age is essential and always chosen to extrapolate rotation age of many tropical tree species (Teshome and Petty 2000; Onyekwelu and Fuwape 1998; Curtis et al. 1974) . The results of the study showing pine plantation at Omo Forest Reserve having the highest height growth site curves over Shasha and Oluwa Forest Reserve pine plantations was in consonant with the study of Clutter et al. (1983) when he reported that site index curves of high height growth was an indication of a good site quality. Thus, the best site quality was found to be at Omo Forest Reserve whereas the poorest was presumably was at Oluwa Forest Reserve pine plantation.
This revelation about Omo Forest Reserve corresponds with the study of Onyekwelu (2005) on site index curves for site quality assessment of Nauclea diderrichi monoculture plantation in Omo Forest Reserve, with several classes of sites considered found to be best for the species and the species growing on better site of high potential of higher volume production. Unarguable, the Omo Forest Reserve pine plantation was monoculture, and the study suggests that the Omo Forest Reserve site invariably would produce better volume (yield) of Pinus caribaea with the highest site index curves of height growth than any other pine plantation observed in this study. The plausible good of Omo Forest Reserve site quality as revealed by the results of site index curves could be relevant in projection for possible large-scale establishment of more pine plantations around Omo Forest Reserve areas. The results could also be used as a guide in making reasonable management decisions on such established plantation.
